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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly 
integrated semiconductor device which prevents the 
deterioration of ferroelectrics and a high dielectric 
constant material due to reducing atmosphere, without 
the prevention of the securing of characteristics by 
hydrogen annealing. 

SOLUTION: In the structure of this semiconductor 
device, an element isolating oxide film 2, an inter-layer 
insulated film 6, a hydrogen barrier film 7, a lower 
electrode 8, a capacity insulated film 9, an upper 
electrode 10, hydrogen barrier films 11, 12, an inter-layer 
insulated film 13 and a wiring layer 14 are formed in this 
order on a silicon substrate, a capacity part consisting of 
the electrode 8, the film (dielectric) 9 and the electrode 
10 is completely covered with the barriers 7, 11 and 12, 
and a gate electrode 5 is formed on a gate oxide film 4 
between impurity spreading regions 3 at the substrate. 
Since only the capacitor part is covered completely with 
the films 7, 11 and 12 here, the deterioration of 

ferroelectrics and a high dielectric constant material due to reducing atmosphere are prevented 
and securing of characteristics is not prevented by hydrogen annealing. 
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Witt* < y 7J«£ W L & C > C £ £ TS^fi: 

mm. 

fB§SSP:£M©4>& <iiF5>y^ £§P£©>gjI£ff 
Sfcao©=i > £ d> h SPJ^ WCmffa**^* y 7WgW h 

ftx^ztL*mLt-§rz¥mwgm.. 10 

*§P:£S©4>& < £ h =y >s;x £gP£©a*iii£f# 
&fc*©=i > * * hgRfcWCTkf^-? y 7JH#g£W 6ht 
fc 0 . Mo|g h 5 ^gpX&tffcksSt^* V rm^M h 

te^ctzw&t-rzmz&mm.. 20 
fcy- h«ffiRCjq^<wa»««*fir-rs h7>^^ 

MtttmxwMMStw* t mm &m *> fc* ^ y ± 

&< £kI«iah7>yX£gP£©^ffl&f#5fc<*©=i> 
£ i> Y mmicykm^ y r«MRW 6 tit *s 0 . SroW. 

««*?-»iBi«c»wc3ft'<y rK*#oat»c tzwmt 

T5*iftS. 30 

[ff3jai5] it*^3x«4sa«g©*^«gK*j^ 
piassgiJtt, TSRm@©±fficcsfrfB#a*6,«M. 

aiStt©*^'? y TJg#4>& < £ ^Hfffen > 3? p Y gp£ 
l&<T^SffiTK:J£i5SS ft ££*«:. ^LhSPSSitcig 

«tex»i#*wt©*jR'< y r tt*ggRRS ft-os-s c t 
[ft*® 6 ] st?j?S3XW4ffit8©4^«£^a(c*it,» 

t\ m?Mmm$.. Tspmeciffi&o'fiijffi^s^ct^ 

§a.m#KR<^R±gpSS©T®«:#N^Stt©7j<^^' y 

[»#!7] f»*«6fe*g©^f*^g(cfct,>r. mr 
SB±SPS§«. ^Utt©**^' y T Bite J: 9 ff^SftT 

im^m 8 ] is*3i 3 ~ 7 ©ffln^ — :nctaig©¥z£ 
tt^Sfcfc^r. B?ian>^i; nsp«, ismi^©*^/-? 

[»#»9] SS#^ 5 Xtt 6 ietB©^<*££HtC*i(,> 50 



4*H!¥ 1 1 - 1 3 5 7 3 6 
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r. WE#N»«it©*3R/< y rsi». si, n, . si 

ON, X«f£S i , N, . I£S i ON. RZ/S i O, £ 
ffl^fc4>©/5>^3Mttftfc4>&< £& m*P6fiS&C£ 

[ISsJOi 1 0 ] s»*^ 5 ~ 9 ©Hftrfp — 3(clB48©* 
##«H«:**i.>t. f)gB^*tt©7k*^*yTje«. T 
i. Zr, Nb. Ta, Hf, W©Hh*- 

1 1 3 TSPmS. 3fe9IS^»ff9t««^ 
Hi, miE7km^<)Tm<D—^'S:^.-y^>^K.J:^m 

[Hft&g 12] in l ©*ff < y y0LBcT««B. g 

SKIM. ±gPH®, M12 0*^'J7I4MI 

r^-^-->yT€.x?i£, mrta>'^--^->^L-fc^© 
©^B«:^mtt©^3 ©*3R^ y rm&Bi&Lxmm 
smi>vtcmt8.$titcmm 3 ©**^y rii^^-r-sx 

Si. «K±ffl««±©WIB*3©**»<yT*l*|»* 

immm 13] mi y rsixtcTgp^®. s 

B«iB>'-t^--=->^i/fc^©©^ffitc^mtt©m 
3 ©*^^- y rjg^fjfiS u rgsgpj^^tc^s nfc^ 
03 ©*ig/-c y rj8l*i^*-r -5XS£ . SufB±gp^e± 
©mrfBJH 3 ©7j<^%- y r Jlft£i&£ or ^ > * P h SR4^ 
fisofcatcawtt©* 2 ©7kjg>"? vrmzm^ >zzv 
$mm*> «fc Mcff^-r-sxiii^tf c 4 ^^i-r-s 

[ Ht&I 1 4 ] nn«MU)Lh«:^|E«tt<D9 1 ©*^ 

/^y rj^4^ofc^(c^7^*ff^-r.sxfi<!:. mria 

7*5 i^±(C^Sifefe©0 2 ©7K^>-^ y 71, SOTSP*^ 
?rff$fiSLr>'^-->^-r-SXfI<!: > BulB-'^-->y 

<Dtmsmm*m : &-T z> xn t . friasfija^js^ m 

*Lfcfc©JC4>&< £4>±gp^©, RO*7K*^' y THS4 

^ofcf^(c^sgpJi(?f©ig*^N' y rn«4^*L-r^ 

C <t T-5*a»<*igg©S{S^. 
C^HJ©lf,?ffl^^] 
[0 00 1 ] 

[^©s-rsfi^^-w ] X£ur§s^m<* 

[0 00 2] 

[fi£*©SM] iS¥, «jl«Pb 
(Zr. Ti) O a ^>SrBi, Ta, O, ^©t^f" 
y->^#tt^Wt--S^'Si*W*4 ; &^l£*6^iCffl^fc 



3 

SfisR^^WTS^SfetM-ty-^ (Sr. Ba) 

t i o, w<Dmm&mtmz®mtmm£?zc£-c® 
[ooo3] c5bit$mtmmicm^*>ti2>Pb (z 

r . T i ) O, ^ ( S r , B a ) T i O, mommW 

t>»^(Ctt«B«WI««*«5l*iBc 
[0004] i C 3#****/U£*H»tt. LSIf 

6ft£S i O, JR«a*CVDffi(Cj:0^ldESn**». 
-€-©®£(SS iH. +0, — S i O, +2 H, "C^bS 
ft. Cti»*3R*«Sl£*«E*iL-C*«Sn4Ct*^ 
VX^h. X. 7WR©«WMb«:fl5C». r^fhtfc©*: 
i?h • *-;U©ffi»j£#{cttW©CVD#j2; 
<flH>e>tttV-£#. W©J&AgK:«2WF e +3SiH 

, -2w+3SiH, +6H, xmt>2ti2>mizvmi,> 

mbX<,>Z>. JgtC. A ll2*§Uf*J?£f*(CMOS V?>V>X 

trbfts. 

[0 00 5 ] C © <fc 5 &*3fttc <fc SSf «<*S«®sl&<fc* 

SKiLT^ASnr^S. Mitiil 2iC^-?mm z -4 
- 1 0 2 3 B7*%&niiCMfikZtltc¥m#m&<Dmer. 
T i NJISXttT i ONJR**3R^yrm 7 tVX^M 

mommmm 1 6 ±.<,cmitcffi&t ux^ m& 

cc. Eg 1 2©*gi£ <8aM>-««:«S*aw«aii'r 

5) -ctt. 5^y=i>aMRi±«:jR^«iMtH2. nm 
*fe#M6. TSBUffis, ®mmmm9. isunsio. 
nntetui i 3 , ssmm i 4 . jiibmsikr i 6 , 
'Jrmn #c ©«-effM; s >s« i © 

a^jasfttv*. 

[0 006] X; 7 - 1 t- 1 3 1 

sftfcsssfM^ey©^. m 1 3{C7n-r«t3* (S£*© 
ffi«{cff43iai««iiir4) ©*©-c«a i n^t i 
3 N, yr*l i <tu-c§s©±gps@i 0± 

ccswrfco, in i AiCTn-rmm m^mmim^ 
m&mmtrz) ©4>©-cw:s i, n, **f^';7i 
1 2 tb-cm^wicmix^z. H<&fc. HI 3©*g 

,#JS 6 , , SS,m#® 9 , ±g|3SS 10,* 

ss^ y rn 1 i , nmiftitei 1 3 . R&ssmm 1 4*«c 
(omxnmzn. -> y 3 >s« 1 ©3MM&IMM3 n 
©y-hK<b^4±tcy- hsffi5*s^sftri>s. 
X. 12 1 4 (Diittrtt. ~> y 3 >s« 1 ±k***m»m 
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{tjg2. mmmmme. tsphss. &&$mm9. ± 
gp^si 0, **^yrsti 1, tBU 2, j§ 

iemohr 1 3, Ro'ia^d 1 4*Jc©*r7BJ8Ss*v c 

© 9 *>©TS3H® 8 , SOifitMR 9 . .hSISSi® 10, R 

cMcjff < y rm 1 1 £?i-?-c7}<s^ y 71 1 2 #fsw 6 

i";a>a«l©^FI«»ffl«fll«3IBI©y 

[0 00 7] 

10 ^5*^^g©<fc^{c s $jra©JBMttlHR±fc*K 
><y7JB*»Wfc«BS©«te. «#fa*»6©**©»A 

±.<D&ft*ft^tcmmxm.5&m&$>zi>\ m«Bts 

1 9 9 5^3^-^3 lHCC^$ftrt,» 

•sj^ic. <)<Dmmm< ttc& ■?xt)vw&i*n&!> 
u 2 5 6 y # • e ? vu±.<Dfsmm* * y ©-fe^sa 

Blltm' fcTFr& C 5 Lfctt^tc^SSILh© 
*^^* y 7I©I1 Hz^BSH^Ttc 0 & Wft«tt e> 
r. «*(^A^©7Km©3tA«:*tL/r+^/cC5aift^6 

JS^^fiS^-S/cfe. WIA«iBB!K:W©CVD*fflt,>/cJ» 

^fc«. «fcssasi5©^{b«:*f lx±< $hm&m 
[ o o o 8 ] x. se*©fl&w«:«s*aM*K«©«iar 

{c«4**«^l«©« JSt?«3R^ffl«: S i, N, 

r>x (mos h5>j?x*o) qmm&&mfbti2>± 

t^we****. H*{c. Si, N, S«:J;-5**T^- 
30 -;i^6*©S*Stt. Wi« 1 9 8 3f7'a->-f>W 

AY f> 7^^X9 4-1 

1 OH (PROCEED I NGS OF THE SY 
MPOSIUMN ON SILICON N I TR I 
DE THIN INSULATING FILMS) 

tct&<<64Tt:b»*J:9tc. fc<tahtitc%Lm.xhZ>. 
[0 00 9] C© «fc ^ ttn»s*»ift-i-^ < 

ttSftfcfec-c. €-©mffWPS«. **r---»wc«fc 

40 t*Sa t iSSf^W*4©^b*Ei5±L».5iS*a&*^ 

$isso*-?-©^@s o ©ftt>tia*aftii«-r * c t cc 

[0010] 

ftftrfc o . aotts*s««.wtt*jR-'< y tk^w l 
(ooi i ] -if. *mmicj:tii£. rsp^fe 



I s- t 



5 

6ss5Sfl»*»jsiE-rsxsi. SB«ft«5**'<'j 

[0012] 

i&<h urc»sa>r, *3R7~-;i/K:<fc£ (MOSF7> 

[0013] 

[0014] [mmm nsnt *«w©itt« i cc 
c©^ftSg«<D«jgr«, ^ y 3 1 Jb&c jr^# 

gfi£{tJi2, JMMfiitltB. *3R^i;7M7 a TSPH® 

8, sat&WR9. ±a««io. *^y 7 Il 1. 20 

*Jfc* U 7 ffi 1 2 . fBHttdUR 1 3 . RtfffiifSUf 1 4 # 

coirMsn, TaB»S8. ss^ss (em 

R7. 11. 1 25cJ:0TO^atoti4<fcftCC. >"/n 
>S1g 1 ©^F*E«BJl£flft«« 3 BB©*'- F»Mbi«4 ±cc y 
-Mfi5^M$nri^ 0 ecru 
*^'J7I7, li, i2{Ccto^(cabnt^4 

-^ccj:0Mosi^w«3W»frf6nr, h^>^^ 
[00151H2 (a)-(h)tt 4 c<D^mwmm<D 

[0 0 1 6] 5fc*T0 2 (a) ^tJ:^C, If(DCM 
OS^PtXWOV'J^ >Sffi 1 <D71K«lSftffi« 3 
59 (*^»«lMb*l2^6Hr6hT^*) (D^-hlg 

X*Wfttt«Lfc»* BPSGII(Cck&9ri(Dlimf&K 
I6«L C©IBIHI6IWI16±CCM»1 0 0*>y 40 
x hn-AJ^±~2 0 0 0t>^x hP-A«T (#«Jx 
K5 00t>^'X fo-a) ©^icD7jc^^»;ra7* 
J&HTSo 7«t7±t,T«. Si 3 N 4 ■«« 

fiB*H-#r&< % 2ooot>yxFo-A^iii,t 
i 3 N 4 B©i£*CcJ:D$/';:3>^icce*)** 
CZtcib, HftfeWiK MEECVD&Gci&S 

[0017] #«c, 02(b) CC^T J: 5 Cc k U 50 
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7« 7 ±«CT»«S 8 , SBKItMt 9 . ±31511® 1 0 . 

^yrBtTa^TSBflWsraccs io, ^<E>s*iftffJ 

aEltfcS^, NSGSOCj:4If2 0 0t> 

hn-^<Dfe»B**3R^<UTJR7±«:JBatbfciS 
^ C<D±&CJSJ?5 0 0^>^X hn-A0T i JSRO' 
Mi¥2 0 0 0^>^X hn-AOP tB^6)S8*T»« 

KSaWftiLtSrBi, Ta 2 0 9 JItc<fc*KJS2 

00 0t>^XhP- A(D?g*$&Jlttffi 9 ft vOU • tr)V& 

ic&*)w,f&{sxfrh. c<D±(fcmm2 o o o*>#* h 

P-ACDP tJf&C<fc£±S|JmSl 0. &t>'T i NJi&C<£ 
SJHJ¥5 0 0*>^X hn-A<0S&2<D*3Ry<yrRl 

1 ftMtc*'*? * y >#mt£ Kn$m?z>m&&mnkT? 

[0018] JgCC, 02(c) cc^T^^cc. 
TSS1 1, ±3l«filO. RCf«MftM«9*x**> 

^l/cSl T§BmS8ftx^^>^brj!rax-r€)o ** 

TaN^oaWttoa^bWftflB^itOiL. X+#«c 

'<y7ttteftf#sfca&, cc-rfejjuift i o o^*>^^ 
*/<yrBtii. p tjitcj:s±as«ffii o. Pb (z 

r, T i ) 0 3 Kx^^U JEfc P t «&0nr i 
JBK <fcSTSM*8 ftx ? ^>ycc«fc 0 jjaXT^it^ft 

[0019] 9l#tt«. 02 (d) KtRTJ:^ H3 
y 71 1 2 ftiffl^ffiCcjftsfc h 5 >^ 
X * ±flM)*3R/< y TJK7 SCJf**^ y 71 1 2 ftx * 
^>^CcfcO^OI^^r02 (e) ccmsnsj:5tt« 
JKctS. ccTii, mtfKI»5 0 0^>^x hn- 

sp«^coa5^ft o i» < »^ft «^-c * ^ o 

[0 020]^ TJBI1 2fe*SR^UrK7<b 

Biaccsi, n 4 m&m^xmcmmtc-rzfr. cvd 
ffir^sR#H»taos«Wttft^bs-ttSfe», ^ 
Kfficca^-^^ ^ »/>yg6ftiaffl"r4c<b*ia*L/i». 

X, **^y7ll 2<D»^ Si 3 N 4 MSiO, 
JR (BPt. S i ON-^ v «(r»«S i 3 N 4 , S i ON, 

[0 02 1 ] C<D«, 02 (f) CCTn-r J: 5 CCCVDffi 
OCJ: *0 S i 0 2 JR0^20BfflHeffifil 1 3 ftffJ^XU/c 
02 (g) CC^r«fc5K:3>*^ h*-;U**J5S 
EWiCS2 (h) Kij^«fc9KWaftCVD&fiC 

W*abii*ftjgfiEl/r^6A 1 «(CJ:&|E«JI1 4ft^£ 
jg- ^^^-^>^-rs. ccof^cc4 o o-cr7k^7x- 



[0 022 ]i3(t si «:s%-r**««fi*«»ote 

m2<DJm^*)Tm\ i*»jft*-s#*#wtc4. 

IP*. CC"Ctt»2©»IHIfilB«l 3*»«U3>jr 

i u > *o>accg«awst^a)» 2 y r M 

[ 0 0 2 3 ] 0 1 cMfcas-ctts^ <jd*3R^ y tk 1 1 * 
ccD^r^2cD7^^yrj»i i£Sfi£ie] 

[0 024] H4W, 0 1 K«r*»**«B*K»Lfc 

»3©**^yrjBi 2^Mitgi»3>^ 
* h ^ ^>^b/tf^c»2 (DTkM'* y 7jH 1 

1 *<DaccSBSPW^©cn6(D*sR^ y 7 

Mil. 1 2«rl»*-rS«flEtttor(r>5. CO<fc5tt 

[ 0 0 2 5 ] H 5 tt, 01 CC5%-r*»««{B*SE»ly yt 
^tWKB, «IJ6XS«c|BL/rHlCCSKrfeOift 

~s Tgpm® 9 cdx v ^ > ocin 1 <D7km^ y rs 7 30 

[0 0261 06^ 01 6C^-r^««^B©7k*T ^ 
(t/C/cm 2 ) CcStT^Uffi (V) ] <DSH5e*S**5* 

[ 0 0 2 7 ] H 7 El 1 CC^r^3W*»B ( n MO S 

MpMOS h^>^x£<tu/c*§-£-) 0*^7 --iu 40 

[0 02 8 ] [SSSSW2] H8«, *«W©*»«2(C 

mz^#mm(Dm*mf&*:^ u tmmmmmxs> * . 

C(D*»fl«fi<D«JS-Ctt, V y ^ >S« 1 ±«C3R^» 
MBMtM2. 5*Wr*«IH*B»M8 > 
1/7M7. *JR/<y7Ml 1. TSP^®8. $BlftKM 
9 , *»/< y 7 ffi 1 2 . soiens/i 14*C <JMRT»J« 
Sti. Sa'gftfeil (MKttM) 9*6 50 
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Jd548BSW**>< y 7M 7 . 11. 1 2 ic<£ 0 %±tc 

c c -ctt, mmm 1 <t Jt^rsBajtoTawa s 

U7M7. 11. 1 2CCJ:9%£CCBt>ft. fio^filHJ 

«^-c**^yrM*K0i»c^rc>s^»*aurc^ 

£ 0 X. CCrtih^^^^^SBOiLhttTK^^yTM 
7, 11, 1 24S&&EtsTC>«ftS. eB»«*M>*«'< 

yrM*i»*3hrc»4»»*6^t+««Jftr** 

[ 0 0 2 9 ] B9 < a ) - < i > tt, C©**i*«fi<D 

[0 03 0] 5fclT09 ( a ) tcffc?* *> «CHJ6W 1 (Dig 
diB»&*«irJlll©*3R/<yrM7*»J«l/. 0 9 

(b) «:^:TJ: ; 5^x^^>^ocj:0 ^>^^ h^-;u 
Sj&dSOfcfJL 09 ( c) cc7S-r<J:5cc*y^y ^>^r 

[0 03 1 ] #CK, 09(d) CCthTJ: 5 CC^2 (D7K^ 

^y7Mi irottow 8 tm 

1 1 iLr«a»«t4-C*-5^*s*Sfc«). T i N. T 

nzicmmzi oo^>^Fa-A«jbi« 0 cc 

rtt, Wilfcfla«5 0 0^>^X hn-AOTaNlic 
±**«/<yrRl lRtfRu»0Cj:4Ta&WflS8«:* 

[0 0 3 2 ] MCC. 09(e) CCTKTct 5 tCTSRm@8 

KcftfeM'tyrMi i^^>yutJDiur^6f 
cd±cc0 9 ( f ) tc^*T J: 9 tcSSSfi^K 9 o , 
c©S«««M9«>H9 (g) tcmT<fc^tcx^^>^ 

U7I1 lStfRu»CCj:4Ta5«ffi8«rx^^>^U 

(Ba. Sr) Ti0 3 * C V D ffic £ D SBifittM 9 

[0 0 3 3] 09 (h) (C5Vr<fc5«:al«te 

©»3©*«/<yrii2t»«u c©±cc^u-h 
«Btc<fcSiS»Bl 4 3&sjgRS3n5. ccris, m« 
T i NM«C<fcSMW5 0 0 h a-A©*3R^y 

711 ltCVDftfciOJB*^ ECC^U-hMMi 

ur#y^y3>tcvDffi«:<fco»iaELTBiaJBi 4 

t3:C V D ffir ff^ J?ST i C i Cc <£ 0 ISM±r 6 ^Stt© 
OMtWiCiW-C*. EHWil 4»*#ys^y=i>©« 
®CS iH, ^Si+2H, r»fo3ftS5J£#/Bt>6 
h-caBctt»H*iai*«, T i NMtcj:S*3R'<y7 



(6) 

9 

m 1 2 £ b X&tiL b X $> S tcib . SBIfiltM 9 JC tt#{fc 

[ 0 0 3 4 ] C<D&. 09 ( i ) KTjrr <fc 5 (C$S»&1 
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